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SEAP.GLP-lGly8 ' _ ft 

' io 20 30 4.0 50 

GAATTCCGCCCACCATGCTGCTGCTGCTGCTGCTGCTGGGCCTGCGCCTG 
CTTAAGGCGGGTGGTACGACGACGACGACGACGACGACCCGGACGCGGAC 

MLL.LLLLLGLRL> 

__SEAP SIGNAL PEPTIDE > 

60 To 80 . 90 100 

CAGCTGAGCCTGGGCCACGGCGAGGGCACCTTCACCAGCGACGTGAGCAG 
GTCGACTCGGACCCGGTGCCGCTCCCGTGGAAGTGGTCGCTGCACTCGTC 

Q L S L G> 

SEAP SIG >H G.EGTFTSDVSS 

GLP-1GLY8 > 

110 120 13 0 140 150 

CTACCTGGAGGGCCAGGCCGCCAAGGAGTTCATCGCCTGGCTGGTGAAGG 
G* TGGACCTCCCGGTCCGGCGGTTCCTCAAGTAGCGGACCGACCACTTCC 
Y L E G Q A A K E F I A W L V K> 

GLP- 1GLY8 . > - 



GCCGCGGC 
CGGCGCCG 
G R G> 



Figure 1 
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Exendin-4 . GLP-lGly8 

1C 20 30 40 .50 

GAATTCCGCCCZACCATGAAGATCATCCTGTGGCTGTGTGTGTTCGGCCTG 
CTTAAGGCGGGTGGTACTTCTAGTAGGACACCGACACACACAAGCCGGAC 

MKIILWLCVPGL> 
PROEXENDIN > 



60 70 80 90 100 

TTCCTGGCCACCCTGTTCCCCATCAGCTGGCAGATGCCCGTGGAGTCCGG 
AAGGACCGGTGGGACAAGGGGTAGTCGACCGTCTACGGGCACCTCAGGCC 
FLATLFPI SWQMPVE SG> 

PROEXENDIN - > 



110 120 130 140 150 

CCTGTCCTC CGAGGACTCCGCCAGCTCCGAGAGCTTCGCCAAGCGCATCA 
GGACAGGAGGCTCCTGAGGCGGTCGAGGCTCTCGAAGCGGTTCGCGTAGT 
LSS E D S A S S E S F A K R I> 

PROEXENDIN _> 



160 170 180 190 200 
AGCGCCACGGCGAGGGCACCTTCACCAGCGACGTGAGCAGCTACCTGGAG 
TCGCGGTGCCGCTCCCGTGGAAGTGGTCGCTGCACTCGTCGATGGACCTC 
HGEGTFTSDVSSYL.. E> 
' GLP-1 GLY-8 ; > 

K R> 
> 

210 220 230 240 ' 250 

GGCCAGGCCGCCAAGGAGTTCATCGCCTGGCTGGTGAAGGGCCGCGGCTG 
CCGGTCCGGCGGTTCCTCAAGTAGCGGACCGACCACTTCCCGGCGCCGAC 
GQAAKEFIAWLVKGR G> 

GLP-1 GLY-8 > 



Figure 2 
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Heiodsrmin.GLP-lGly8 

10 20 30 40 50 

GJ^TTCCGCCC^CCATGAAGAGCATCCTGTGGCTGTGTGTGTTTGGCCTG 
CTTAAGGCGG6TGGTACTTCTCGTAGGACACC6ACACACACAAACCGGAC 

M K S I L W L C V F G L> 
PRO-HELODERMIN 



60 70 80 90 100 

■ CTGATTGCCACCCTGTTCCCTGTGAGCTGGCAGATGGCCATCAAGAGCAG 
GACTAACGGTGGGACAAGGGACACTCGACCGTCTACCGGTAGTTCTCGTC 
LIATLFPVSWQMAIK SR 

PRO - HELODERMI N ; 



110 120 130 140 150 

ACTGTCCTCTGAGGACTCTGAGACAGACCAGAGACTGAAGCGCATCLAAGC 
TGACAGGAGACTCCTGAGACTCTGTCTGGTCTCTGACTTCGCGTAGTTCG 
LSSEDSETDQRLKR X K> 

PRO - HELODERMI N . 



160 170 180 190 200 

GCCACGGCGAGGGCACCTTCACCAGCGACGTGAGCAGCTACCTGGAGGGC 
CGGTGCCGCTCCCGTGGAAGTGGTCGCTGCACTCGTCGATGGACCTCCCG 

R> 

HGEGT FTSDVSSYL ^ G> 

PRODUCT=GLP-l . 



210 220 230 240 

CAGGCCGCCAAGGAGTTCATCGCCTGGCTGGTGAAGGGCCGCGGC 
GTCCGGCGGTTCCTCAAGTAGCGGACCGACCACTTCCCGGCGCCG 



QAAKE F IAWLV KGRG> 
PR0DUCT=GLP-1 . > 



Figure 3 
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GIP'.GLP-lGly8 



10 20 30 40 50 

GAATTCCGCCCACCATGGTGGCCACCAAGACCTTTGCCCTGCTGCTCCTG 
CTTAAGGCGGGTGGTACCACCGGTGGTTCTGGAAACGGGACGACGAGGAC 

M V A T KT FALL L L> 
PRO-GI? > 

60 70 80 90 100 

* 

AGCCTCTTCCTGGCTGTGGGACTGGGCGAGAAGAAGGAAGGCCACTTCAG 
TCGGAGAAGGACCGACACCCTGACCCGCTCTTCTTCCTTCCGGTGAAGTC 
SLiPLAVGLGS KKEGH F S> 
PRC- GI ? > 

110 120 130 140 150 

CGCCCTGCCCAGCCTGCCAGTGGGCAGCCATGCCAAGGTGAGCTCCCCAC 
GCGGGACGGGTCGGACGGTCACCCGTCGGTACGGTTCCACTGGAGGGGTG 

A L P S L P V G . S H A K V S S P> 
PRO - G I ? > 

ISO 170 ISO 190 200 

* 

AGAAGCGCATCAAGCGCCACGGCGAGGGCACCTTCACCLAGCGACGTGAGC 
TCTTCGCGTAGTTCGCGGTGCCGCTCCCGTGGAAGTGGTCGCTGCACTCG 
Q K R I K R> 

PRO-GIP >H G-EGTFTSDVS> 

GLP- 1GLYS _> 

210 220 230 240 250 
AGCTACCTGGAGGGCCAGGCCGCCAAGGAGTTCATCGCCTGGCTGGTGAA 
TCGATGGACCTCCCGGTCCGGCGGTTCCTCAAGTAGCGGACCGACCACTT 
SYLEGQ AAKEF I A W L* V K> 
GLP - 1GLY8 > 

260 

GGGCCGCGGC 
CCCGGCGCCG 
G R G> 



Figure 4 
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IGF-I (furin) .GIiP-lGly8 

10 20 30 40 50 

GAATTCCGCCCAGCATGGGCAAGATCAGCAGCCTGCCCACCCAGCTGTTC 
CTTAAGGCGGGTGGTACCCGTTCTAGTCGTCGGACGGGTGGGTCGACAAG 

MGKISSLPTQL- F> 
IGF1 1-48 > 



60 70 80 90 100 

AAGTGCTGCTTTTGTGACTTCCTGAAGGTGAAGATGCACACCATGAGCTC 
TTCACGACGAAAACACTGAAGGACTTCCACTTCTACGTGTGGTACTCGAG 

K C CF C D FLKVKMHTM S S> 
IGF1 1-48 > 



110 120 130 140 150 

CAGCCACCTGTTCTACCTGGCCCTGTGCCTGCTGACCTTCACCAGCTCCG 
GTCGGTGGACAAGATGGACCGGGACACGGACGACTGGAAGTGGTCGAGGC 

S KLrFYLALCLLTFTS S> 
■ IGF1 1-48 



160 170 180 • 190 200 

CCACAGCCAAGCGCATCAAGCGCCACGGCGAGGGCACCTTCACCAGCGAC 
GGTGTCGGTTCGCGTAGTTCGCGGTGCCGCTCCCGTGGAAGTGGTCGCTG 
A T A> 

>K R I K R> 

FUR IN CL >H GEGTFT SD> 

PRODUCT =GLP-1 



210 220 230 240 250 
GTGAGCAGCTACCTGGAGGGCCAGGCCGCCAAGGAGTTCATCGCCTGGCT 
CACTCGTCGATGGACCTCCCGGTCCGGCGGTTCCTCAAGTAGCGGACCGA 
VSSYLEGQAAKEPIA WL> 
PRODUCT=GLP - 1 > 



260 

GGTGAAGGGCCGCGGC 
CCACTTCCCGGCGCCG 
V K G R 6> 
?RODUCT= > 



Figure 5 
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IGF-I.GLP-lGlyS 50 

10 20 30 40 =>u 

■GAATTCCGCCCACCATGGGCAAQATCA6CAGCCTGCCCACCCAGCTGTTC 
CTTAAGGCGGGTGGTACCCGTTCTAGTCGTCGGACGGGTGGGTCGACAAG 

MGKISSLPTQLF> 
IGF- 1 SIGNAL PEPTIDE_ 

60 70 80 90 100 

AAGTGCTGCTTTTGTGACTTCCTGAAGGTGAAGATGCACACCATGAGCTC 



TTCACGACGAAAACACTGAAGGACTTCCACTTCTACGTGTGGTACTCGAG 
K C C F C D F LKVKMHTM S,_. S> 
IGF- 1 SIGNAL PEPTIDE > 



110 .120 130 140 150 

CAGCCACCTGTTCTACCTGGCCCTGTGCCTGCTGACCTTCACCAGCTCCG 
GTCGGTGGAGAAGATGGL^CCGGGACACGGACGACTGGAAGTGGTCGAGGC 

S H L F Y LALCLLTFT S S> 
IGF- I SIGNAL PEPTIDE > 



160 170 180 190 200 

CCACAGCCCACGGCGAGGGCACCTTCACCAGCGACGTGAGCAGCTACCTG 
GGTGTCGGGTGCCGCTCCCGTGGA^GTGGTCGCTGCACTCGTCGATGGAC 
A T A> 

■ • >E .GE GT-FTSDVSS Y L> 

GLP-1GLY8 > 

210 220 230 240 250 

GAGGGCCAGGCCGCCAAGGAGTTGATCGCCTGGCTGGTGAAGGGCCGCGGC 
CTCCCGGTCCGGCGGTTCCTCAAGTAGCGGACCGACCACTTCCCGGCGCCG 
E G Q A A K E - F I A WL V KG R G> 

GLP-1GLY8 



Figure 6 
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Preproglucagon. GLP-1G1-/8 

10 20 30 40 50 

GAATTCCGCCCACCATGAAAAGC^TTTACTTTGTGGCTGGGCTGTTTGTG 
CTTAAGGCGGGTGGTACTTTTCGTAAATGAAACACCGACCCGACAAACAC 

MKSIYFVAGL F V> 
GLUCAGON SIGNAL PEPTIDE 



60 70 80 90 100 

*■ 

ATGCTGGTGCAAGGCAGCTGGCAACACGGCGAGGGCACCTTCACCAGCGA 
TACGACCACGTTCCGTCGACCGTTGTGCCGCTCCCGTGGAAGTGGTCGCT 
M L V Q G 3 W Q> 

GLUCAGON SIGNAL P >K GEGTFT SD> 

GLP-1GLY8 > 



110 12C 130 140 150 

CGTGAGCAGCTACCTGGAGGGCCAGGCCGCCAAGGAGTTCATCGCCTGGC 
GCACTCGTCGATGGACCTCCCGGTCCGGCGGTTCCTCAAGTAGCGGACCG 

V S S Y L S G Q A A K E F I A W> 
GLP-1GLY8 - 



160 

TGGTGAAGGGCCGCG3C 



ACCACTTCCCGGCGCCG 
L V K G R G> 
GLP-1GLYS 



Figure 7 
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;ha - 1 antitrypsin. GLP-lGly 8 

10 .20 30 40 50 

GAATTCCGCCCACCATGGCCTCTTCTGTCTCCTGGGGCATCCTCCTGCTG 
CTTAAGGCGGGTGGTACGGGAGAAGACAGAGGACCCCGTAGGAGGACGAC 

M PSSVSWGILLL> 
A1AT SIGNAL PEPTIDE 

60 70 80 90 100 

GCAGGCCTGTGCTGCCTGGTCCCTGTCTCCCTGGCTCACGGCGAGGGCAC 
CGTCCGGACACGACGGACCAGGGACAGAGGGACCGAGTGGCGCTCCCGTG 

AGLCCLVPVSLA> 
A1AT SIGNAL PEPTIDE ,>K G E G" T: 



110 120 130 140 150 

CTTCLACCAGCGACGTGAGCAGCTACCTGGAGGGCCl^GGCCGCCLAAGGAGT 
GAAGTGGTCGCTGCACTCGTCGATGGACCTCCCGGTCCGGCGGTTCCTCA 

FT. SDVS-SYLBGQAA K E > 
GLP - 1 GLY 8_ : 

160 170 
TCATCGGCTGGCTGGTGAAGGGCCGCGGC 
AGTAGCGGACCGACCACTTCCCGGCGCCG 
F I A W L V K G R G> 
GLP-1GLY8 > 



Figure 8 
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Factor IX. GLP-lGlyS 

10 20 30 40 5C 

GAATTCCGCCCACCATGCZAGAGAGTGL^CATGATCATGGCAGAA-TCCCCA 
CTTAAGGCGGGTGGTACGTCTCTCACTTGTACTAGTACCGTCTTAGGGGT 

MQRVNMIM A E S ?> 
PRO-FIX 



SO 70 80 90 100 

GGCCTGATCACCATCTGCCTCCTGGGATACCTCCTGTCTGCTGAGTGCAC 
CCGGACTAGTGGTAGACGGAGGACCCTATGGAGGACAGACGACTCACGTG 
6 L I T I CLLG YLL. S A E C T> 

PRO-FIX > 



110 120 130 140 150 

AGTGTTCCTGGACCA.TGAGAATGC CAACAAGATTCTGAACAGAC CCAAGA 




TCACAAGGACCTGGTACTCTTACGGTTGTTCTAAGACTTGTCTGGGTTCT 

V F L D H E N A N K I L N R P K> 
PRO -FIX 



160 170 180 190 200 

GGCATGGGGAGGGGAGCTTCACCAGCGACGTGAGCAGCTACCTGG5AG3GC 

CCGTACCCCTCCCGTGGAAGTGGTCGCTGCACTCGTCGATGGACCTC^Cra 
R> 

>H GEGTFTSDVSSYL E G> 

GLP-1GLY-8 



210 220 230 240 
CAGGCCGCCAAGGAQTTCATCGCCTGGCTGGTGAAGGGCCGCGGC 
GTCCGGCGGTTCCTCAAGTAGCGGACCGACCACTTCCCGGCGCCO 
Q A A KEF I A W L V K G R G> 
GLP-1GLY-8 



Figure 9 
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Exendin-4 (IGF-I) . GLF- IGlyS 

10 20 30 40 50 

GAATTCCGCCCACCATQAAGATCATCCTGTGGCTGTGTGTGTTCGGCCTG 
CTTAAGGCGGGTGGTACTTCTAGTAGGACACCGACACACACAAGCCGGAC 

MKI I LWLCVF G L> 
PRO-EXENDIN-4 __: 

60 70 80 90 100 

TTCCTGGCCACCCTGTTCCCCATCAGCTGGCAGATGCCCGTGGAGTCCGG 
AAGGACCGGTGGGACAAGGGGTAGTCGACCGTCTACGGGCACCTCAGGCC 
FLATLFPI SW QMPVE SG: 
PRC - EXENDIN - 4 ; 

110 120 130 140 150 

CCTGTCCTCCGAGGACTCCGCCAGCTCCGAGAGCCCTCTGAAGCCTGCCA 
GGACAGGAGGCTCCTGAGGCGGTCGAGGCTCTCGGGAGACTTCGGACGGT 
/ LSSEBSASSE S> 

PRO-EXENDIN-4 >P L K P A> 

IGF-I PRO ; 

160 170 130 190 200 

* 

AGTCTGCCAGACATG3AGAGGGCACCTTCACATCTGACGTGAGCAGCTAC 
TCAGACGGTCTGTACCTCTCCCGTGGAAGTGTAGACTGCACTCGXCGATG 
HGEGTFTSDVS SY> 
GLF-1GLY8 

K S A R> 



210 220 230 240 250 
CTGGAGGGCCAGGCCGCCAAGGAGTTCATCGCCTGGCTGGTGAAGGGCCGCGGC 
GACCTCCCGGTCCGGCGGTTCCTCA?iGTAGCGGACCGACCACTTCCCGGCGCCG 
L E G Q A A K E F I A W L V K G R G> 
GLP-1GLY8 > 



Figure 10 
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IGF1 signal peptide^ 



preproqlucaqon v 
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alpha 1 antitrypsin 



i 



GLP1-G3y8 { 



furin 



ExenriiR^ signal seqTOcIf Exeadi^t tender >^ GLP-l/GlyS 
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EX4 ^ 



Factor ixty 
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j GLPl-GIyS | 



| GLPl-GIyS | 



predicted prohormone conwrtase cleavage site 
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GLP-1 Expression Levels in the 
Supernatant of Transfected 293 Cells 
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Figure 12 
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[GLP-1] in Transfected 293 Supernatants 



100 




Figure 13 
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GLP-1 Secreted From C2C12 Cells 




EX* EX4(IGF1) FIX 



Figure 14 
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: *«GLP1 Concentration in Plasma 





Figure 15 
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GeneSwitch Control of GLP-1 Expression 
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Examples of Modified GLP-1 
ms 7 -Ala-Glu-Gly 10 -Thr-Phe-T^ 

Ala 25 -Lys-Glu-Phe-ne-Ala 30 -Trp-Leu-Va!-Lys (SEQ ID NO:23) 
His 7 -Ala-Glu-Gly ,0 -Thr-Phe^ 

Ala^-Lys-Glu-Phe-ne-Ala^-Trp-Leu-Val-Lys-Gly 35 (SEQ ID NO: 24) 
His 7 -Ala-Glu-Gly ,0 -Thr-Phe-Thr-S^ 

Ala-^Lys-Glu-Phe-ne-Ala^-Trp-Leu-yal-Lys-Gi^^Arg (SEQ ID NO:25) 
His 7 -Vai-Giu-Gly ,c, -rnr-Phe-Th^ 

Ala^-Lys-Giu-Phe-De-Ala^-Trp-l^u-Val-Lys-Gy'-Arg-GV'-COOH (SEQ ID NO:26) 
ffis 7 -Ala-Gm-Giy 10 -Thr-Phe-m--Ser^^ 

Ala^-Lys-Giu-Phe-ne-Ala^-Trp'-Leu-Val-Lys-Gl^^Arg-Gl^^COOH (SEQ ID NO:27) 
His 7 -Ala-Gl U -G]y ,0 -Thr-Phe-r^^ 

Ala^-Lys-Glu-Phe-ne-Ala^-Trp-L^uA/al-Lys-Gl^^Arg-Gly 37 (SEQ ID NO:28) 
His^Ala-Glu-GJy^mr-Phe-T^^ 

Ala 25 -Lys-Glu-Phe-Ile-Ala 30 -Trp-Leu-VaI-L>'s-G]y 35 -Arg-Gly 37 -COOH (SEQ ID NO:29) 



His7 



-Ala-Glu-Gly 10 -Thr-Phe-Tiir-Ser-^ 

Ala 7 ^L^-Glu-Phe-ne-D-GLn 30 -Trp-Leu-Val-Lys-Gly 35 -Arg-Gly 37 -COOH(SEQID 
NO:30) 



Figure 18A 
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Asp-Glu-Phe-Glu-Arg-His 7 -Ala-Ghi-Gly 10 -^ 

Leu^-Glu-Gly-Gln-Ala-Ala^-Lys-Glu-Phe-ne-AIa^-Tip-Leu-Val-Lys-Gl^^Arg-Gly 37 - 
C0OH(SEQIDNO:31) 

Glu-Phe-Glu-Arg-ffis 7 -Ala-Glu-Gly 10 -^ 

Giu-Gly-GlB-Ala-Ala^-Lys-Glu-Phe-Ile-Ala^-T^-I^u-Val-Lys-Gl^^Arg-Gly 37 - 
COOH (SEQ ID NO:32) 

Axg-His 7 -Ala-Glu-Gly ,0 -Tbr-Phe-Tto^ 

Ai2.-Ala 2 -^Lys-Glu-Phe-De-Ala M -T]p-Leu-Val-Lys-Gly 3 ^AiB-Gly 37 -COOH(SEQp 

NO:33) 



Figure 18B 
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